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(54) EPITAXIAL SILICON WAFER, ITS PRODUCTION 
AND SUBSTRATE FOR THE SAME 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a high quality 
epitaxial silicon wafer which contains no I region 
(Interstitial-silicon-rich . region where interstitial 
silicon atoms are predominant over vacancies) throughout 
its whole surface and is produced by forming a wafer 
from a silicon singly crystal and then stacking an 
epitaxial layer on the silicon wafer and in which no 
projection-shaped surface deformation observable as 
projections or particles In the surface of the epitaxial 
layer exists, to produce a single crystal containing no 
I region within a sliced sur^ce in , the diameter 
direction of the single crystal, throughout the whole 



surface, in good yield, to improve productivity of the 
epitaxial wafer and to reduce. the cost of the epitaxial 
wafer. 

SOLUTION: This production process for forming an 
epitaxial wafer which contains no projections 
having s100 nm size and «5 nm height in the surface 
of its epitaxial layer, and growing a silicon single 
crystal by a CZ(Czochralski) method, comprises: growing 
a silicon single crystal bar containing no I region; 
slicing a wafer from the. grown single crystal bar. and 
stacking an epitaxial layer on the wafer containing no I 
region within the sliced surface throughout the whole 
surface. 
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Jl«ffiK:?^&s^5{3:^^•— 7=-^ oril^3nS5? 

mm^Sfi xf3'+'>i'Jl'Jl±fc. OOn 
m«±. iS3 5 nm«±<O5^*s?¥«EL/j:0>xfc*3»+t> 

t » i"; 3 > X - ^ ±«: X e 5f + i-/ 1 ?rStf X f 
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1 

im-^mi] xfif+S/i'^HSiCC. ;<Ctf S 1 0 0 n 
mJWi. S! 3 5 n m J£i±©3^*sS«E U Jfe C » C i ^rl^Si 

iOr. 1 OOnmfeLh. 1S3 5 n mtLh©3lia 

■r S X f if + i/- + ;i' >j 3 > -i? X - cDUjt:^^. 
[iS*313] xt•3»+->1';^S«ffl2^';=I>■i7x-^^ 
i L/T. I ^iS (c ctci ^itJ. gStS^iaiM^** 10 

!|$Si i-r-5xe^+*^ ♦/ut"; 3 >';>x--»>©sia* 
& 

•r -2) f»*:S 4 k: ia«8 U X f 3» f y 3 > -J X - 

[19*® 6 ] friB'> y 3 >#feS©lSS^ft=F /G 
[mm' /'C • m i n ] ■ (CCtCF : ^a^fiSfiilS 
■ [mm/m i n ] . G ; #teS^fil?Sja^-C(DieSE£ 
SI*:»Ifi|©Sfif««B [-C/mm-] iTS) 0. 18 
mm' yC- mi n&.±t hX. tmmo . 0 3 Q • c 
mfe(±-C*>-^#i|gS(Da*|n]©fflrt^M*iV«« (C C 

4 * tcitm^m 5 {Cta*g U /cx f 4f + 1- JUi^ y 3 

[g»*3B7 ] BtfSB-> y 3 >#teS©JjSS*fl=F/G 

F/G>72 0 -p' -3 7 ■ + 65 
(CCtCp :*i^S©JKam [Q • cm] tt?,).liC^ 
^i>(DtbX. PMXO. 0 3 Q • c m«T©<Sfi5i^ 

5 (CIBJSL Aix tf.^r+Sxi, y 3 x^yN©$| 
cti'C»iaJ8!aS«5 0 0~6 0 0 0Gaus siT-SCi 

*^$ffii-rssf^^5 ^ci> bii^3S7 ©t^rn*^ 1 mic 
letg Lfcx f ^ 4^ f y 3 > >5 X -^^©i^ifi:^. 

(19*319 } friBSffi«JiBG©S^|t)^t|i{C4at,>-C. 
ii>^C< ifc-gPKS. O-C/mmfeLhi^jrSSff^^fPS 

c i *j-c t i>^\f^mmi^m-r 4 c i *!!ts4 1 -r 519* 

«4&i,»l/i9*«8©t>-rn*>l]a«:i3«8bfcxe3»+ 50 
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i/'+;u->y 3>'^x--'^©i!!^:^ffi. 
[19*® 1 0 ] mrie#MSfiKS*®*SSlHHK* 1 0 r 
p mOTirS C <t ^rltaii-r ■5»*:«4 Jit^UiB*^ 
9 ©l»-rn*i 1 JltcSBtR L ^x f d» + + y 3 > "J; 

x-^^©i^ig:^s. 

[1931^ 1 1 ] S«rf2#i^Bl.©W^«:*jii-c. ii[S2 5 
Omm ( 1 0-f>5^) iJLh©:^ffiS#*SS*S*S!Bi-r4 

1 JltCIBJSL'fcXb*^' =^^-> I'-'Ui^ y 3 >■?xw^©t^ii 

immm 1 2 ] Huiei«*]i2 tj:\,> 1.19*^ 1 1 cciets 

I' Jl/i^ y 3 > -i; X — 
[^^ 1 3 ] f>rfB»*S2 Lff^^a 1 1 tciBK 
DfcS!Bi:S-ffi{c J: ti «3t3n?tK^SMF*9^^*i 1 0 
%JWT-C*SC i*#SS[<!:-r6x b-5f +Vf ;US^ y 3 > 
>5x--'^ffia«. 

[^^©i$jei<cSiM] 
[0 0.0 1 ] 

-t^jui/y 3 >■i;x->'^*Jc^:c^^©t^it*ft^fe^y^«:xt•4f 
y 3 >>5 x-^NflaS^CcM-ri fc©-c*-s. 

[0 002] 

[«e*©a$i5i 3l^Ei4iisnrl,>^.^ll»*^^^y*y- 

.liC7'MW;^©^<W. 5^3i'^>'l'X+-!* (CZ;^) cc. 
J:»3?l±tf ?>nfc'> y 3>^^SA>p,•i;x--'^*i3Jg 
L> •€-©'?x--'>ffl±K:ff»{$nri>.5. Ctl€)©f'^^* 

^ 7. tj . y 3 > >5 X -7 L r m^iass 

>-i;x--'A {«T. xe-^x-^Nil^^Ci^iab-S) 
[0 00 3] Ctbxf^xwNtt. CZa^{Cj;»5W^ 

3 n?t-> y 3 ^i^s*^ p> w Hi 3 n/c!? X jcx f 

df + Jxi.;l/H (eiT> xb-^ili^C i*!*.^) 5rfiSS 
S-a-.5Ci(cj:o-C{'F^3ni>, 4-*rxb-'i7x-/N«: 
teur». xtJi^f9tf*ift(K:. •&©««& >a:4^®5^ 
y n >^ x-/^©a««@tg3n■r t/c. 
[0004] -jKWtc. i^S4i-c». *£SfiSS8$«cj^fiS 
SnSj^^Pfij&i-a^Sfe'J , -o«^?L ( V a c a n c 
y) t?*0. 4>5 — 3«eat5-?Pail^ (Inters 
t i t i a 1 - S i ) X»>i>, C©rt. S/y3>jl-?© 
^JS3!p6^^-r-5BagP. ^?L©J:'>«c*>©*i®^^cMJ^ 

3JS V * . y 3 >m=Ftfi^^i>cw&t ^cttc 
<fc D ^-r y 3 >Jl^=■©^s^?© a s,t§ 

FPD. LSTD. COP^(D^a--ly-(lyXm*m^ 
4L/D <»^IHI«Efl[Jl'-:/©BS#. LSEFD. LF 
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PD^) ©^ncpidJfifgefccffa-rsisn-ci^s. 
[ 0 0 0 5 ] -eor, m^^v<Dvmmi: I mm<Dmn 

it. MS^£iiS[F [mm/mi n] tm^^&ma& 
fi5©*SafiS^*|Si©iaS43iEG [-C/mm] (CCJC 
G». V nXTJaiuS 14 12 'Cipt^ 14 0 0 •C*t'© 
l4l:&l^iIffiBf [mm] rSS^l 2 -C^SHofciSiffl-C* 
■5) iOtL F/GK:J:or^*-5, C<DF/G*«*S 

[0006] *SSfi!cg*ft*r«icDMfi«jEGtt. 

G©S:frl^^©a»a«{C«c5. itSSOt!RSI?ffl:^®r 
F/G*i*5-Sffl[*a^n«. •i^x-/^:^B«: I 

2 0 mmW.^^fiSOSMS^iiD'si j1-:frffifj(orrHjSnlte 
tf. ji«©S!rt* (*^tc*ji,>t:{3:. 0 . 0 3 Q • c 

mja±©aKm*^-rfe©) ©tes©ii^. siasiJ2 o 

mm?:K^<rtffliJ^r-rF/G*^0. 18mm' /-C-m 

CC. Jli2Se2 Omm>&K^<rtffi!J^rrF/G*iO. 18 
mm' /x; - m i nJWT-C*n«. I ««©feS36* 

[0007] ^©.fc^^ctJiiiH©*^. ^^ggli^d:^ 1 
0-^>m±©:*di[SjSa©«JgK:*jt»-ctt. 
g|J<i:S28Pi©G©M*t:;*:#< > »5;SaSF*«^ 
©H{fc®?»©ie:*:{c<to-c(£TT4/c*. 
rrv^i^i^j:* J: ^ ?cF/G*aRE-ri c i*Jj8l/ < 

*JiiaE0a<:feor*sf3. rfj«4cffl|5|S:^isa'i'x--'^ 
©^<»I««*#^■c^,^^.. 
[0008] -:3^. ^i£©xfc:«>i->'Nfflasi urffl 

t,>P>n-5>C<i;©^H,^ Wn^fiO. 0 3Q • cmiJiT© 
<. I • V«§J^©i^W<t>s'-S.F/G©{iiAi. ffiCi^©fi 

s^^sfi!n^•^;x-/^©^K » i 

[0 00 9] 

[^?S*i»9lL/J;5<t-r.5^] ia^. ;*cii:S{t*JJ:C>' 

X b-fissjaat©{£ja{b©dsn©4'-c. i o > ^u±.<o 

?a©«-C. xf?x-yN±{CtlE*fi|^3nSC<!:©Aj:*i 

M'^?x-y^^ffi{cia^^aia[''^•-7=••/ i';us'j5tffiK:j:»jt^ia 

3tl4-'>'-f-^ d'Jl't?**). cne»*AFM (A t om 
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ic Force Microscope; M-^-lffl:^!! 

i/-cii^3n-5f^t^©«a©g<i5»^ (feip^, 3l^it«''^•- 
[00 10] cne©?^«. xf^f+i^fjujg^rat? 

|^CiCi3!»s*iJo/c. C©J:^J&:?^. ^^t^vs-f^ ^ 
10 5'-'<-r;^XS-c>?x-7%a®K:«SiI8S4»fiSl/ 

fflttfC-^x.S^S»A€f < > X f?x->'>©„°nS±-^© 

[0 0 1 11 -tc-c. *i%i8wc©j:^^crae,*«:^* 

X e®«ffi«:3^e«>'<-^ Jl'©??«E L 
C ^TSfiiSx f ^ + ~> + ;b -i; i - ^ ^ S i * (Cffirt 

20 -CSSjgU. xfcr■?i->'^©^St4©I6I±i^:^^5^'?> 

[0012]. 

[sis«:^9i-r-s/cfe©^s] 2t:^Bj«, miimm^M 

L/fc^Bj«/ it-:>=^^ix.t..;V@JitC, :«c^$10 0nm 
J£Ui. SS 3 5 n m«±©5^*i??«E L'&:l-^C<i:^£4#®i 
■r4xeir+^s>»i/5^'j=i>'j7x-7\r*-5). c©J:5 
JSx f3f + -> + Jbt/ 'J a > >7x -e©x fc'®±«: 
D°DK±«S)&:mriB;*:* 3©3^*Sl,>»??et^^<— 5" ^ 

tc*jwsiam©»r^^©l%i*^@*-c#-c. 7==-'nV;^!1# 
14. <tfflttCCMI^*#^-5Ct©)5:C>«faSxf3f=t^ 

[0013] ^ox. :^^m<Dn^2ic§mo-ftmm 
xf^:^=i/>ji/SSffls/';=i>>i7x-/>iLr. iz 

#$100 nmfel±. IBS 5 n mt^±©|^*3»aL'^£ 
I » V'J 3 > ■? X - 7 N «r ^ T S C i * !^ <b r -5 X f ^ 
+->+;Ui";n>'i;x--'N©s^i^:^-c$)^, c©J:5 
{C. A# 3 1 0 0 n mJliLh. S 3 5 n mJia±CD§^*i?¥ 
40 ^Eb%lr>i^y=i>'?x->'>*xf ^»:^^'>-t.;USSffliU 

■c^seffl-rn . x t* + jv^sf^ic x t- + v + 

@±«C. 7'>'^VX#14*M-fb3^±•^>;*C#3 1 0 0 nmJil 
±. lSS5nmfei±©§^*!#*EL^cl^ii5D°DHxfif=*^ 

[0014] ^ ^fC. *|S?S©W*^3K:fB*gUfc^BJ 

«. xfdf+e-'i';i/asfflj^';n>'jx--'>iL.-c. i 
^c>m*ss%fflt> -5 c i i -r 4 X K a? 
+ixi.;U'>i;=j::^'^xwN©iajS:^-c*-s, c©<f:5 

50 Hi«*$*^j:t>#MS3&»6';>x-yN;&«Ji3iao. -Jx 
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Jl±«:. 3 1 0 0 nmfeLh. iSS 5 n m«±CD3^ 
[0015] *^cDii^3®4«:ieSSO/c^Hj 

X f 3r + ■> -f =1 > -t? X- ^^ cDi5{3t:&ffi-cab s . 
[0016] ccDcfc^fc, czi£{c.J:or->';a>^ite 

fC I ^l^*;g*^cl>->';3>'t?xwx{cxfdf=^^S^f 
Jl^Sltfi^K-rnii. xf3f+i^-f;i'®±{c?^ia*4 

o°nK©x t'df+J^+^l/S/ya^-J x-^%4S4jg-r S C i 

[00 17] C<OiS^. a*]a5{cgBt8L/£J:5{c. 5^ 

[001 8 ] u-c C©ti^. Sl^6 {CKKl/fc j: ^ 

{c: J^y3>#ieB^©^S^F/G [mm' /'C • m 
i h ] (CCtcF : ^MSfiKSjia [mm/m in]. 

- ['C/mm] it* -5) 0.1 8mm' /'C • m i n 
WiiUr. fiS»0. 0 3Q • cmfe^±-C*iO#iteS 

0. 0 3Q • cm«±<Dl»^«:. ->y3>^i!g^©fiSg 
^F/G4. 0,-1 8mm' /"C • m i nJ£Lh<!; 

^^^y3>■?x->'^±{CXb•3'+->■^';^Jl?:a^■r^ 
©K-'A-f''^ i'Jl'CD5&^«tl,>xf3f+J^+Jl'i^y n^-i; 

x-/N4i?3g-r?>c <t*!rie6. 

[0019] 3 e.K:*^?g<DW3}?:^7 K:iBt8L/ft:«fc^ 
{c. y 3 F /G =&. 

F/G>720-/o' -37-p + O. 65 

(CCtCp :#igS(Dfitn:^ [Q • cm] . F : ^i^B^ 
fiRSiia [mm/m in]. G : #ifeSfiSS»Mjfifi|-C 
©|gSfiRS«^|6lC!>SK«JlB fC/mm] if*) CCS£ 
5 *>©<!: or. PSrO. 0 3 Q • c mfelTOfiffiCx^ 
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i&mm 0 . 0 3 Q • c mWT©*-^. -> y 3 

S#ite^*^e.W«3taO/cffiF*3^MVMJ^©5^y3 

i'jKO^i'felJXtdf+i'i'JUi'y a^-^x— yA^rSf 

[ 0 0 2 0 ] l/-C*^|«©tS^:S8 iCiai8L/c J: ^ 

5 0 0-6 0 0 OGau s s i O-TSig-T-SC t^^M* 

^TOtSiL/ (fe(T. HMCZffi«i:4>li^) . 7k^fi8*i© 
<fH:»iSilfi^*5 0 0~6 0 0 O Ga u s s ii-ttxit. 
)Vy iKF«90'> y 3 >14jgJ©liWrSl©*fSS*iS6^J: < 

©«sss:i?i^©iBrt»^p3>* J; ») ^ei^-^fcs n. lea© 
^*<**3-rtcMSfigS©ii;ait*0 s c i *5r * 5 . 
*/c. it7^inj©>i>ft£*sffli$iisn*©-c. ifeST©i^y3 

20 >ll!«[©f**|filSK^i3 ( d T/ d Z )■ m < t" S 

[0 02 1] 3 6K:if^J®9CclE*gL./cJ:^«:. jSK^j 
ieG©s:J?iai»^U{c*ji,»-c. ^j^tj: < i fc— gptca , 0 'c 

/mmJe(±i«:iSP53'*{'PSC i/&s-C#^il^rt«IJg*« 
ffl-rSCidSMSL/t^ ±i^©F/G^^^-r-5fcJii) 
{C. G©{SI<^j^rt«iS*ffll»-5Ci»Sg?c>&i.-^tt 
©eT=fc»< ci{c^corb*'3. K*S9{c^-rj:5 

. (c. MSB£si?M©sa'^ieG©s:e'[Sj:9-^p(c*jt,»r. 

iJ>^j: < i fc-SPk. 3. 0*C/mmiil±<J:«cSaJ^3-*W 
30 r-SJPrt^jt'SrfflU. F/GdS-J^x-ZN^ffi-CV^iSr 
a^-rSEitS2SF4^l,»n«.;^tt©<gT%J3< c 

[0 02 2] -edrit^^ai 0{cfHi8L.fcJ;^«:. *M 

a«ss4>©tesiai£^ 1 0 r p m&rFfr^ctamt^ 

■^;x->'A:^M=&V^I:^i-r-2>fc*«:tt, fiS:g3ie 
iWMitr^<Dpi^\,^i)K t!S;S)Sa[F*iSiS^bbJ;^i 

■rsi. *ss©^3&i^t-*. c©^*«i^*)t* 

«c». il6aiHllE*(S3l{b-r6©3ti?«?9)-C*€>*s. — JKW 

{cwiesiPi«©iSji^t«iigs^s^Mf^©sj^sa©^ 

■t;x-/>{cSD*i|6^-r-5C<tfe*)«3. t 

t>-rK:RSSjia©ii;jt{fc*@'5> c t^ir^ 
[0023] ix«c. *^w©i«*a 1 1 icimi^fc^m 

*lSS©WfiS«:*jl,>t:. ii:S2 5 0 mm ( 1 0 
> 9^ ) «±©:^Bami|!SS^*ii{3t-r 4 J: ^ tc L /Co * 

^?a-c. ±iE©m^Wfi!c^4iiJi-rn«. itt8a«)S 
50 micmm 1 0 >9^«±©*tea©s:»i*i©Mrt^iB«r 
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e*l^-r e C <!: 5: Efll±-r -5 C i *i-C # S , 

[ 0 0 2 4 ] -e Lr . :$:^m<Dm^m 1 2 icieigo/c^. 
WJ. a^2tti,>l^ia*:Sl 1 {ci3*80fei!BS:*;ffi«: 
J: 0 iSit 3 n /c C i ?r 1$® i T. S X f r> + ;v 3 

* S 1 0 0 n mtLb, 5 n m«±03^|a*i#?i-a- 

0>Kafl©x f d» +5^ + y 3 > X--'^ <!: 4. 10 
[ 0 0 2 5 ] 3 6CC> JlE^l^flDii^ 1 3 iCiEMLfm 
mit, i»*^2J&(,»L/i»*^l 1 «:iB*gL//cm^«c 

i if ix b" 3r y 3 > "5 X 

•c**, c©J:5{c. *^ag©*5*t?^6*i€.xf^=*^ 
i^i.;Wi^>;3>>?x--'N|3S®»v -e-©K^igaBF*i^ 

>•?X-V^ffiS«i^cS. 

[0026] fe(T, 3f:^{co|Fg^{cSiHJ-r5**. * 20 

xb•^^+->■^';^'^»x-^^©xb•Jl©^S;&5^^L/r 

t^-s^i-c. xb•■?x-y^±ic^^e*a^3n■5ci©^c*i 

r> cn6.©-'^•-7=•-f ^'>i'?:^«-r.5<t. s^t^c^^ 
®^»x-y^^M«:iSS;S>'^•— f ^ i';Uii'JSS«:J:0*fem ' 

Sai^) ^K:J;9S^-r5<fc';?x-y>«ffi©5?e*ei\ 
«??iet«©^ffl©s*-c* -5 C t -3 r €f /c. 
[0027] c*i&©^<r-f^^ d/ji/i or«^§n*3^ 30 
«a* 4 c^3:3^«©^E©^*'©^M^=&i¥iffl{ciaa 
■r S t . »«i y 3 >.>i; x-7N©mM^BBSS^© _ . 

6(c, cne I «^a*^^^»K■:>x-^^(c*J^,»■^. j-i- . 

CCC^ffliSSd^SaiW. S/NJt©lfil±K:J:»Jfie*© 40 

Sffir*^). se^-r. I^i^?:^$J&:CiSffi■^'x->'^*l 
xf^=*^^'-«';usSffl-> y 3>'i;x--'Ni L-caL>ri> 

[0028] — ±iaL/cXf Jl±©55|a&St,i«?? 
3«i:*33!>i. 0 0 nmiiiT. ffi3-C5nint(T 
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y 3>'?x-^N4:Xt''j7X— /^©Sffii bT^^f 

n«ii5D°DM© J- f + V + vi/i' y 3 > >i» X -y 6 n 

[0 029] C© I MJ«*$*-r3{poA*Ji5ie©^Cl.» 
■i;x->'^*i!^jt■r^,/ca^){c}^. ^i|gB^WfiX^f^©F/G 
dii|gS©S:^F6j^rtC*jt,»rffS{ii«:M^.5 J:^ KF i 
G^m&ftHi^i.^. m^ii. Mtn^O . 0 3Q • cm 
JWJh©^B^{C4s(<>rW, F/G©ffldiO. 18mm' / 
•C • m i n«±T&n«J:C^ ^fCCi^a-^ -<>5«:Pg© 

«. ffllSrat^-S^-;' hV^->©G«^Bli©ip'C>gI5-C2. 
5~4. 5'C/mmt?*f), i^J12 Omm-C©G». 
3. 0~6. 0*C/mm-C4)-5>. Se-^-C. ±g3©F/G 
*«IJS-r*K:WF*iO. 5 5~1. Imm/minSS 

Sj^alitc*? i,»r «. •> y 3 >M?S*sfe^^b-r i>mi>c^^ 
u ±fa©J:5?c^S)iS*^a*a<ftor$rc» 
[0 03 0] setc. 3^^5E©x^^•^>x-/^sstbrffl 

l<»6n-SCi©#H<»P^t'®in^0. 0 3 Q • c mJitT 

©ffiffiei*ies(c*jt,>-c». mmom^. ■?x-:>'^^a 

3WV«l|8i«c4F/G«. **SS©ffitn$P [Q • c 
m] ©MKiUT^X^, 
F/G>720-p' -37-p + O. 65 

F : ^&^>£gr [mm/m in]. G : mS^mS: 

m«.^2SB2 Omm-C©G3&<4, 0*C/m 
mif^i. p=0. 0 1 5Q • cm-CF> 1. 03m 
m/m in. p = 0. OlOQ-c m-CF > 1 . 4 1m 
m/min. p=^0. 0 0 7 Q ■ cm-CF > 1 . 7 1 m 
m/m in. p=t0. 0 0 5 Q • c m-CF > 1 . 9 3 m 
m/m i:n ttj:*)^ c ©J: 5 JtcfiSSaSOiftil^tlJ^m 

[003 1 ] «er>r. cn*«»94-r-S5fc«{>«:i3:. ^. h 

y->©^JS{cJ:f3G=&igT3-I±S*^. fcL.<«^Sii 

ffiossii'f t=&ia o -cffsi© F /G 4sii^-r s c £ (cjfc 

2.. LiPbt£i)iib, *f h^/->C!^ie?:SJs&/cG©ig 
T». fiR:g^tljSS©ffiT?r*S^. ^litt©ffiT?:?r^ 
lie -rtcibfft L < Jtc • -e C ■C:*:^?§-Ctt. 2 
0mmr©G*i3. 0 •C/mmfet±T?*Sti£*©* h 
V^->€:if6}#U/c**. fiSSae:©iS5$<b%ia«5. ±fB 

[0 03 2] :*^ia-C«. fiKSiiK©ii5jS{t©/c». * 
¥««E|I»nCZS (HMCZ^) iiS32lfeSlBIi5*ffit> 

©iisSS©M«i3:(c<to-c9issns. iissa'^A^.Jsifi 
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a3*l5«iaHout «. Hin+Hsol <Dmicmb(.>t^ 

(dT/dZ) m (C. Hsol {JM^g 
.jierF{C. Hout «ISSfiKSI!tffiirJbCDSS43EG{Ctb 

C 0 0 3 3 ] RSSjiS©*ijt{b{cm\ Hsol < 
&Sfc««>. fi£g"5It6iie[©|6jJi©^:2i>K:«Hout «r:^* 

T-SCi-Cfef). Hout »— ^i^^-S. i^-^r. Hin 

C 0 0 3 4 J -e c-c. *^Hjr«« iKi«*En*nL/fc, 1$ 

?8E©ttfrlolfiS«lg ( d T/d Z ) m < T -5 C i 

*St?#, Hin*/M<-r'SC<!:*ir#S (Funrio Shimur 
a; Semiconductor Silicon Crystal Technology, 1989 # 

M*®S*I*ISS43K (dT/dX) in *;^^<-r*C 
-f^. 1986^^ 7^-^#M) . Cn6©iS!l*K:J:»J. Fma 

c 0 0 3 5 ] -r&to^. isssiSK^isafti/ J: ^> i bfc 
@?£©(gji<bK> i»SfiJisi!i®i^©irfs?gao^iy^« 30 

g-r©'i»x-yNSi3^©r.gs*?l*^ac-r/ce*. xmts 
■C«, . y 3 >aBB[*©K3Ri«S*«^«: <J: 0 ®T b r 

t,»-syti*-c*2., tie*©czffi-c«. c©ii3'C<gpijg2 

■S!^S©StfeT?»*lJfl«J«:l^fbLri>fc (W.Zulehner et 
al.;Crvstal Vol .8,1982l|#M) . 
[0 0 3 6] L3(Pl/. fiBEia*EnflnL'/cJ©^> -^©JiaE^i^ 

4:mmiyf^<omnt. is9m^ti?>cti»m^tixi,> " 40 

©CZaccib-*. Jg2ai5-C«<^c Sfo-CiliSlHl 
IE*fijI{bLr fc»SRi8a©BBF«3^*i®S{c3)${br s 

iteS©^*f#t>-r^Si$K©li5»{b«r^31-r4 Ctifi 

C 0 0 3 7 ] *^?^-CW, Tk^fiBEiS©* 'OfiSHi^ffi* 5 

oo-6oooGaussiu. mm^f&&fp(Dm^m 

«S«10 rpmJWT«:Wai-r-5J:9{C0/c. C^-r-SC 50 
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i -c , 3 >^ffi©iSJKri^*f SK*iS»^<fc < ^S(J 3 . 
ilSSIsIiite©{gji^b{cf;H ^ite^SI?ffii*3©K^«®©« 
'CvSI5<i:^i2§|5©^-3*i5J(#$n. ifeS©^*{**3 

r«:teafiss©is3t{ b*ia s c «!: *im3fe4 . 

[0 03 8] ±fE©J:^^c^;^*ffll,»-5C<k«:J;«3. M 
SfiSgjia:©?SjI{b5:S-5c<!:*sr$fc, cn«:j:»3x 

[0039] 

[^Hj©||j6©jg,®] tlT, ^^Bj©|iis©ji5j|g«:ot^ 
■cfieffl-r s HM c z ffi{c i suites? i±ifi?g©«fiiEt?!i 

^S3K:J:»3SiBj-r.2><,^3K:^5-r±^«c, c©*ijgs 
?l±tfiga3 0«. ?IJ::l-fS3 1 gi±lf^3 1 

g9:we>n:tJi'":'si<3 2 ;U':;jJ<3 2©JSH«:ffia3n 

/cb-3'3 4i. ;U-:'jK3 2^!5Ilte3#S;l'":'^fiS#l4 
3 3SiCX«©lHli£t5« (Sin-ti-r) i^';=i>©«M 

S5*«^-r4'>- f 4^6 ex- F^^-f f i'e 

2«. -eWrtTOi^y (^) 2 5rlR^-r-5.ffiiJK: 

W6n-ct^.s. *fc: t-^?3 4©ji-ffi'jiaH4cti»ii^,« 
3 5*JSEia3hm.s. ^br. ?i±tf^3 i©*¥:^ 

lfil©JHSJ{c. *¥»tifflfiBE53 6 4SSt^.. HMCZS 

iL/-c~>y3>iiBK2©3tijs=&jqipo, #iea©$3efig 

[0040] '^XVC. ±iB©HMC Zi£«ei&?l±lfSgg 

3 0{j:j:-5msWRS:^ffi(c-oi,^riftBjt-S, 3;-r. )V 

4 1 2'c) «±{c»n«iux»i!JS-r^.. -^x^. im-mm^ 

EffiniL/. '7-rif7W^#mTCiiCJ:«3M®2©aMBS 
;l/-;/:i<^tt3 3 *ffli:©:^l^(c@e$#^, tb^ 

1 *»*c <t7!)st?#s. c©iiisnttji5«©mife 

ll»l*?l±lf-5(c^/c'3. mi?g^fiX®SSF [mm/ 
m i n ] i*i^SBSSI?Ma^-C©ifeB^ESS«i:^|Sl©a 
a^iHG [*C/mm] "C^toSnSF/G [mm' /'C 
•mini Sja^JKSiSS-rntf. I ««%^*!5cC»#ie 

[0 04 1 ] fei±©<fc5{c. ±iafittBjL/cti)g:)&ffi<b 
^«cj:ori?jSsnA:'>y3>^S{c*jt,»t.- *^ 

?g©HMCZffi©®W)a:^ffTK:RKS3#ntf. iHjl^ 
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[0 04 2] ^:|%H^©xb•^f+S^•^;^->';3>';;x->'^ 

cn*««<!:LTxtd»+->i';Umjfim©CVD 

[0 04 3] m«. CVDffi{CJ:S->';3>xfdf+ 
(jl^H. .) i*{CJgl5i^F«3{c3IAL> 1 0 0 0-C«± 

■5. li3|sf:«/;^«. SiCl, . SiHCl, . SiH, 

CI. . s i H, ©4«j&iji^€eia$n-ci>«, siss 

a«, S i C 1, (Dm-^it. ^iU-CH| K:J:*;1<^3l 
7t<Dfcii> 1 15 0~ 1 2 0 0'CtfiS< . :SIR<DS!I^*J^ 
ft<!&:Si{ga«:?c»). SiH, (D*i^tt:»S»^JBSJ«: 
K:«fc-3t: 1 0 0 o~ 1 10 o*c-C6XS3-a-5, xfdJ+ 

[0 044] 

•cttfti*. :^nsi^>;3>'?x--'%{cxfc'^f4 

>'+>iuji4fiSS3-a-fc<!:^. i,^*>^cs^r*n«. m 
© . ^a*^^,4*?^^^^^•— f--f i';i'*S't;x->'N^®K:^G 

(f^;:^H) ffitJimS^l 2Q • cmCmm-C. ISSS 
aaJ2 Ommfiig-C©^g^F/G*0. 155mm 
' /-C • m i n <!:L.-C?|±lf/cii:a8 -<>5^.©^SgH^» 

*>e>. «i3fffiF*g©^M«: I ^Jgji^tfijxw-* (w- i 
if -5) . *Jj:jmS^iag|J2 OmmfigrptSS^fl^ 
F/G*0. 2 3 9mm' /'C • m i niOr?|±lf/c 
#MJI»*>?.. Mrt^H{Cl^lS*$*!&<r»'^xw> 

(W-2<!:-r-5) t^VmXyfc, tiis^ {:©G©it»K: 

», «. F E M A G i mtti ^m^Bmm^ v 7 h 

(F. Dupret, P. Nicodeme. Y. Ry 
ckmans, P. Wouters, and M. J. 
Crochet. Int. J. Heat Mass T 
ransfer. 33. 1849 (1990)) 
O. J/';3>©adgl 4 I 2*C*>61 40 0*C<>:&4ti 
g*-r©ffi{S«:tt»L. 1 2-C ( 1 4 1 2-C- 1 40 0 
•C) 4rC©ISai-C«Iofcaffl*G CC/mm) tLtc. 

[0 045] cne.©•5x-/^4ia}BS©-'^•-f•.f ^Jl/ 
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mStltc [04 (a) . cn4AFM{Cj:»3tl^ 

LfciCi. ^•CS)i>Ctifin-o1i. [a5#M] . C 
n{CJ53 2 Mm©xt•^f + ^'■^';^®?ra^/c^C^. # 

&BtC. -'S-.f^^ i';l'*iaS3nfc [04 (b) # 

Ml. C©''^*-f•-^ i'Jl/tAFMfCiOS^ia-C^eci 
*J*iJ-3/c (ia6#M) . ^©:^|f3«10 0nm~l 0 
10 0 0 nmfeS)Ov iS3«5 nm~2 0 nmfc*ofc, — 
w-2-c{3:> 'l;x">'^±M«:lt5^g©/^•— f-^ 
AiSHSSn/fc-fe©©. 5^t^©fc©(JH-:5*^6'i*>-p/c 
[07 (a) #M] . cn«:xt•5^ + i^1'J^M^:a^/<: 

t; 3 > -i; X w^ igri b* 5^ + ^1/ "J? X --'^ffl©S«<i; 1/ 

xh-^+i^ + ;i'Jl*>i7x->'%^®{cfiKS$ 
^^fc^■C^>'?x-y^^MK:3^S/i:(i3I|^at^J.'S-5-^ i; 

20 ;l'*s|^UScl>Ci*5t>*:'ofc. C©ife«*Bi*^-C. 
S6Ccpa©:;*c*^c-t;x-7%*||i,it:jg^/j:„°pa*©4 
fc*©S!fit^*Si35: L/C. 

[0 04 6] (.mmmi) '^'C^mimi&4oooGaiu 

s s©*¥«ti%EnJnLft:HMCZffi«:*Jl»T. iffiK^ 
iK> 1 0 Q • c m©ii:S 1 2 -Y ^^^•mifSS?: 2 8 -f >^<D 
jU-:/jK*i6ilSSIelte7. Orpm-CWRSUfc. Cicrffi 
fflU/t*-? hv^->CCJ:nK. ^a©Jia2 Omm-C© 
G»3. 5 5"C/mm-C*.-D/£:„ C©^. . 
9 9mm/m i n-CWfiSf^SC i*s-c*/c. jg22 Om 
30. m"C©F/G»0. 2 7 9mm'/'C • m i n-C*-5. 
C©^B^«*>e.'i7X->'Ntt©1f>7*;U?:^0mu. f 

•cmms&^mM ( i tf-c^tss - mmms. i /41'Cn 

iSS) X 1 0 0 (%) £brK3gjSgffiF*3^5-^iT*a'JSL 
fc. ^©ifel^. ^iSa[ffi(*3^7&t3:5%JWTfAo/c„ 

c©^gs*»6W^as^a/c'?x-/^t^1^>r^J^{c«. o 

[0 04 7] C^L/Tf#6n/ci'';3>'?x--'N±ic, 

40 s i Hc 1 , + H. tfxmmn. 1200 'crjis 2 u 

m©x t i» + *^S3 ■^fc. •e©^ffi*/^*- f- 
e^;u*'j;>5f--c«'JSb/£:<bc^. xf>?x-/N©x 

[0 04 8] (imm 1) Bajs*ffli^>j:c^a^©c zffi 

■eWfiSl//cfe4i1-». *St{SIl<blSJ^©^T«:. mtKm 
mi OQ • cm©iSS12-Y>^WSa*2 8-<>3^© 
;l'':';i<*>eWfiSl/fc. C©R5fSKS3iS«. 0. 6 1mm 
/m i nSS**±f®-C*»). jgj222 0mm-C©F/Gtt 
SO 0. 1 7 2mm* /'C • m i n-Cftofc. C©i|i§a*»6 
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©ffl» 1 2 %8S:-C* o /c, C CD -5 X -/^ {c*5fa^-c 

[0 04 9} f^. OSF V>ififiim-ri>tf>, 

t?^lElSfl{Cfl3C>fc*S^CDK^rSg[{i 1 3 p p m a. ( J 
E I DA) SiLttU. f^S«1 0 0 0-C. S^PSfeJ: 

0^1 15 0*0. 1 0 0^ t Lit. $ ^ic— momssm 
t?osF •;>i'*5feiw$nifec^«^w> ii50-c. i 
0 ofm<oimm=s:^mLx^motc. co^^k. - 

BL<DimMi:m Ur O S F y > i^*stB?cl> feCD*0 s F 

[0050] (jg6Sfi»l2) iLS8 -<>5^t?0. 03Q- 

c m&.r<0 PMffi«ta^S*fi!a$*^^-C-SSS! 20 

JS u Ai. c neoDlsatcibtStai i i lei o o s F y > 

ffi^tftv. OSF y^i^fDliai^S^F/GiCDM 
^%S?&/c. ^CDife^. OSF y>V©Jl-ffl!jK:#«Fr-5 
I ««*«ttSKA»3 jiS«:i<^/cfe<DlSfiS!M*F/G«. 

stft^p (Q • cm) oMi^i.or. 

F/G> 7 2 0 • p' - 3. 7 • p + 0 . 6 5 
(C etc.. p : #J®il©Stn^ [ Q • c m] > F : ^ife 
S^ffilS [m m/m in]. G : #i^SfiS:gS?®jfi^ 

t?©ieafiKsiA:^[nj©ias43iB [•c/mm] i-rs) 
ato3nifc©-c*4ci*fiim^*: (02#j®) . cn 30 

[OOSlISin^O. 0 1 5Q.- cm©8'f>9^*£S. 
4^)22 Omm-C©G*4, 3. 7 4'C/mm-C*SJ^ v 

hy->*ffll,>r^SiISl . 4min/m i n-CWfiSb 

fifffirt^^tt, 1 0%felTr*ofc. «!a^0. 0 15 
Q • cm-CSmtj:FyGit±^J:K>. 0. 2 57mm' 
/•C • m i n-C**). ^WfiS$tifc«gS©^22 0 m^ 
m"C©F/G«0. 3 7 4mm' /'C • m i nt?*i, .40 
• c©teS*i6^0»)mL/c'i7x-/>t^-y->7";i'K:ttOSF 

[0 05 2] imS^mS) '.XiC. O. OOSQ-cm© . 
8-^>f^iSa*S22 Omm-C©G*i> 4. 3 3 'C/m 
mr4)^)^^^» hy->*fflt»-CRRgj£ai . 7 8 mm/ 

ff p)nfcffi^saBrt:»T&w. 1 o%«T-ca,o/c. » 

$1^0 . 0 0 8 Q • c m-C.iJ«S^C F/G»±iC<fc 0 . 

0. 4 0mm' /-C • m i nr*«3. -^HWfiSSnyfcJi 50 
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a©ja22 0mm-C©F/G«0. 4 1mm' /'C • m 

1 nr*s, c©ifee^*'^w^^^lL/c':;x->'^t«■y->>^ 
ji'{c»osFy>i^3!)i*iai§nj5:*i-3/c. fi£r>x:. -^x 

©J: ^«:±fB©iCJ: f)i+msn/cfii«±©F/G-c» I 

[005 3] cne— WS©>?x--'%{cfrfBPI««:/?S 

2 ym©xf^r+i^-t';l/Jl«rfiS;S$-l±)t<!:C5. xfi? 
x-/A©xf®±(c«. 5^abSi,Hi^t«:>''<-^-/ 

[0 05 4] (imm2) tmmo. 0 14Q-cm© 
8-f >5=-i^S4jgi22 Ommr©G75i. 3. 7 4-C/m 
m-C*SlliS092 ipl^©!^ h ^/-^^rflSl^^TJSSii 
a: 1. 0 mm/mi n^WfiSUfc. ffiin^O. 0 14Q 

• cm-riitS)?cF/G«±S;J:«3. 0. 2 7 3mm' / 
•C • m i n -C* 0 . .^IhIWbSS n/ci^a©^22 0 mm 
■C©F/G»0. 2 6 7mm' /'C • m i n-C, tffiCffl 
4:TM^mmtfJ:r.fc, C:©*S^*'6^DtHL./c>t»x- 
^^/JKCttO Spy ly.iftfimjRii^h 2 5 mm©fi 

Mfictm s jaasptc i c» s c t *i58 

[0 05 5] ±.mmm2 ». f/g-pm^^^^^j* . 

ft*«*^fl^*^^t-ciai»)®u?foT:M«SiS;©«®%ifi5 
||«StRi2>J:!yf|liSi^3«:j;-5TiaiE-rSCi*s-C 
iffc. • 

[0056] >5:43. ±SJ65©f^fi§K:M5t3n 

©#i^*©«5H{ciBiE3 tiicmm^tmmmicm 

[0 05 7 ] M^tf; ±feil:te?i5«g«:tei^r«. KSS" 
. 1 2 :i|5=-©'> y =i>#iga*WfiR-rsJ^(c 

[0058] 

xb-aj+i^fiU-jx-yxasffls^ya^^^Si or® 
*0i6:o1i®-c*smia©S*|6]©ffiF«3^fflK: I ^JS*^ 
ST. *^oxfi7x-/%{cflnxi/fc^«:, ?^4a 

i'jwtftSL) ©^jTc^wfoSt^ y 3>JiJfSH^©^a'9 i 

^i4©(6l±«:E10. *ifSo^^Ji3>^ h©y«ciprj:®ji^*i 
oJfiBi^cofc. cn«:.i:»3. ^«iiffiiJft«.:^ilSxb- 
.j; X -M«^a-«>31ft©^S£r *) S <SSl?i^^S i 

L/-cja^<c-> y c i*s-e# 4© 

S©x f if f ^l- y 3 > X -^-N ?:Sffi-CStt-r s 
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Cia2 ] PS!i5Sla^*fSSK:tel,>r. O S F y l^ififi 
C H 3 ] b /t H M G Z «{C J: S#eS5 1± 

( b ) saspfc I mmimn -yx.^ jimmies, + 

[05] *^BJ©04 (a) <OJi<y yi^s^ Yi^V^ly^ 
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[136] 04 (b) <Dxf3' + t^i';U^"J3>>i»x— 
•rt!S^n/c>'^•-f=-^ i';l'«:AFM-Cll^L//c§^©— 

[07] (a) *^HJ<DI^^^*^?*^cl>■i'x->'^«B 
(b) *^HJ© IM«*^*^cc»'i'x->'>^MK:xfd? 

[#^Si?«] 

5i±ifasa. 3 1 • - ^i-btfa. s 2-;u-;/7K. 3 3 ••• 

JU'>!j?«^«. 3 4 "t-r.;5'. 3 5-»3Sltt, 3 6 -* 
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